C02 evolution by Satsuma mandarin (Citrus unshiu Marc.) fruit and C02 concentration inside the fruit were greatly enhanced by dropping 46cm 10 times on the board. The rise was so rapid that there was almost no lag. The enhanced rate of C02 evolution by the dropped fruit and the increased C02 concentration in the fruit declined in a short time so that the increment was reduced to half in 5hr and 3hr for the former and latter, respectively.
Introduction
Mechanical injury causes plant tissue to change in metabolism, i. e. enzyme induction, increase in respiration, stimulation of ethylene production and so forth. Dropping fruit giving rise to a physical impact causes an alteration of metabolism. Drropping Satsuma mandarin fruit which is encountered during traveling on the grading machine and pouring in storage boxes in the packinghouse results in lowering of fruit quality. The mechanism of deterioration of the quality in dropped fruit is not clearly proved.
Eaks found the increase in respiratory rate (C02 evolution) of Valencia and navel oranges by dropping more than 30 cm on the laboratory table (3) . Vines et al. also reported the increase in respiratory rate by dropping grapefruit on a hard surface (9). Chuma et at. studied the effects of mechanical forces on the respiration of Satsuma mandarin fruit during the handling and transport.
They compared the heights of dropping and the kinds of surface on which fruit were forced to drop. A hard concrete floor was the most effective to enhance C02 evolution. They also found that the rate of C02 evolution rose immediately after dropping (2) . These reports have shown that the stronger is the impact, the greater is the respiratory rate. Iwamoto et al. found that dropping fruit caused an accumulation of ethanol in the flesh of Satsuma mandarin (5). They also showed that titratable acid decreased and dehydroascorbic acid increased in response to dropping (5, 6) . They noted that C02 concentration in the internal atmospere of Satsuma mandarin fruit rose right after drop-JOURNAL OF THE JAPANESE SOCIETY FOR HORTICULTURAL SCIENCE ping as well as CO2 evolution (6) .
In the present study we have investigated the mode of rise in CO2 evolution and internal CO2 cocentration during an early period after dropping Satsuma mandarin fruit. Also we have investigated 02 uptake and formation of ethylene and other volatile compounds m relation to the increase in CO2 evolution by dropped fruit.
Materials and Methods
Satsuma mandarin (Citrus unshiu Marc.) fruit, cvs. Owari, Yamada and Silver-hill harvested from the orchard or/and stored in a room at 5°C were used. For measurement of CO2 evolution, composite or individual fruits were placed in desiccators or plastic chambers. The containers were sealed with silicone rubber stoppers. After closure for the period indicated, 1 ml of the atmosphere inside the container was sampled through the stopper with a plastic syringe and CO2 concentration was determined by thermal conductivity gas chromatography using a Porapak R column. For measurement of CO2 concentration inside the fruit, 0.5-to 1-ml gas sample was withdrawn from the central cavity through the rind with a needle and syringe and injected into a gas chromatograph. Ethylene was measured for the gas sample withdrawn from the container or inside the fruit in a gas chromatograph equipped with a hydrogen flame ionization detector and an activated alumina column. Other volatile compounds in the gas sample were analyzed by a gas chromatograph equipped with a hydrogen flame ionization detector and a column packed with Carbowax 20M (25%) on Chromosorb W. 02 concentration was determined by thermal conductivity gas chromatography using a molecular sieve column. For the drop treatment, fruit were dropped 46cm on the board 10 times. After dropping, fruit were maintained in a room at 20°C along with the untreated, control fruit and measured for respiration and formation of volatile compounds.
Results
1. Rise in CO2 evolution and 02 uptake by dropping CO2 evolution was markedly increased after dropping (Figs. 1 and 2). The enhanced rate gradually declined, though it did not fall off to that of control, maintaining an enhanced level. The marked rise in CO2 evolution was repeatedly observed for the second and third trop (Fig. 1) . Dropping brings about a rapid -ise in the rate of C02 evolution (Fig. 2) . The ncreased rate of drop-induced C02 evolution was reduced to half 5 hr after dropping (Fig.  ? ) . In order to investigate the time lag for Trop-enhanced C02 evolution a single fruit was placed in a plastic cylinder. The cylinder was flushed thoroughly with air or N2 and then sealed. C02 concentration inside the cylinder was measured at time intervals. An hr after closure the fruit was dropped 20 times on the rubber stopper. Figure 3 shows that there is almost no lag before the upsurge in C02 evolution appears by dropping either under air or N2. The rate of C02 evolution increased by the treatment 2.2 and 2.1 fold under air and N2, respectively.
Not only the enhancement of C02 evolution but also a considerable rise in 02 uptake was seen in the dropped fruit. During a short period after dropping (0-5 hr) C02 evolution was rather preferentially increased, resulting in a high RQ value (Table 1) . However, in a later priod (5-9 hr) 02 uptake was highly stimulated with a RQ being reduced (Table 1) .
2. Rise in C02 concentration inside the fruit by dropping By dropping fruit C02 concentration inside the fruit was also greatly enhanced (Fig. 4) . Inner gas concentration was determined by withdrawing a gas sample from the central cavity of the fruit and injecting into a gas chromatograph. Three min after dropping C02 concentration in the fruit was more than twice that of the untreated fruit. The enhanced C02 concentration gradually declined and 3 hr after dropping it was reduced to half. Another experiment showed that C02 concentration ig.3. Enhancement of CO2 evolution by dropping fruit of Satsuma mandarin. Fruit which had been stored at 5°C were used for the experiment at 20°C. A single fruit was placed in a 1.8-1 plastic cylinder (7x48 cm) Both ends were sealed with rubber stoppers. The cylinder was flushed with air or N2 through the small inlet and outlet attached near to the stopper-ends, and then those were sealed with silicone rubber stoppers. CO2 concentration in the cylinder with a fruit placed on the bottom was measured for a 1-ml gas sample. increased by more than 50% as early as 30 sec after dropping (Fig. 5) . The rise occurred very rapidly.
Evolution o f volatile compounds by dropping
Production of ethylene and other volatile compounds was examined in relation to the increase in C02 evolution and 02 uptake. Ethylene has been known to be one of the factors that accelerate respiration in fruit. However, in the present experiments no rise in ethylene concentration in the fruit was found after dropping, i. e. only a trace amount, less than 0.03,al/l, of ethylene was detected in both control and dropped fruit. No rise in ethylene evolution outside the fruit was observed either by dropping. These results rule out the role of ethylene as a stress-inducing agent for stimulation of respiration in the dropped fruit.
When a gas sample withdrawn from the cavity of the fruit was analyzed in a gas chromatograph using a column packed with Carbowax 20M on Chromosorb W, a sharp peak with a retention time being 102 sec was found in response to dropping (Fig. 6) compound Y is not associated with the rise in CO2 evolution in the dropped fruit which lasts much longer.
Discussion
It has been shown in the present studies that a marked rise in CO2 evolution and 02 uptake occurs in response to dropping Satsuma mandarin fruit. And also a rapid rise in CO2 concentration in the dropped fruit has been established. These results are in line with the previous reports by other researchers (2, 3, 6, ~) . Analyzing CO2 concentration inside the Fruit will be a convenient and reliable way to assess the degree of physical impact imposed to fruit by dropping, rolling and etc. In fact we found that CO2 concentration was more than twice as high in the fruit which had been sorted and waxed on the grading machine and poured in boxes as in the untreated, control Fruit. The question is raised why CO2 concentration inside the fruit is rapidly increased.
[t may be possible that physical impact gives rise to splitting or cracking of albedo tissue and may release CO2 absorbed in the peel tissue into the cavity of the fruit. Meanwhile, it is not obvious to a what extent rapid increment of CO2 is derived from the flesh. The initial upsurge of CO2 evolution outside the Fruit could be closely related to the increased amount of CO2 inside the fruit. On the other hand, the rate of CO2 production by peel tissue per se was also increased by dropping (data not shown). The increased rate of CO2 evolution declined as time elapsed. However, it was not reduced to the basal level, which can be due to the enhanced rate of CO2 production by the peel tissue.
Very little is known concerning a factor (s) which may associate with drop-induced respiration. It has been known that ethylene is one )f the agents that stimulate respiration in :ruit (1) . In the peel of Satsuma mandarin ethylene is produced in response to mechanical n jury or wounding (4). Recently Janes et zl.
reported that acetaldehyde caused the ncrease in CO2 production in blueberries and strawberries (7) .
However, in the present experiments it appears that ethylene, acetaliehyde and other volatile compounds including ;omponent Y may not play a role in inducing 357 the enhanced respiration.
Besides the induction of respiration noted so far dropping causes the changes in quality in the flesh, i. e. accumulation of ethanol, reduction in citric acid, oxidation of ascorbic acid and rise in concentration of dissolved 02 (5, 6) . Kitano et al. reported that acetaldehyde increased in concentration in the flesh of the dropped Satsuma mandarin fruit (8). Recently we have found that acid phosphatase activity in vesicles is reduced in response to dropping (Hyodo, Tanaka, Hasegawa and Iba, unpublished results).
These phenomena along with the upsurge of respiration represent physiological changes induced by dropping. The molecular mechanism to account for those changes remains to be known. 
